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SUMMARY 
The application of solvent extraction to certain systems has been 
found to be more economical than other separation processes, provided 
that a suitable solvent is available. The search for solvents which 
have potential use as extraction agents is a continuing one. Since 
nitroparaffins have miscibility characteristics similar to furfural and 
other organic solvents used in petroleum extraction, the consideration 
that nitroparaffins might have potential use in petroleum extraction 
field initiated this study of phase equilibria in nitroparaffin-hydro-
carbon systems. 
A series of qualitative tests were carried out on the miscibility 
of binary hydrocarbon-nitroparaffin systems. The tests covered 13 
hydrocarbons (n»pentane, n-hexane, 2-methylpentane, 1-hexene, cyclo-
hexane, cyclohexene, n-heptane, n~octane, 2,2,iJ--trimethylpentane, 
1-octene, n-decane, benzene and toluene) and four nitroparaffins (nitro-
methane, nitroethane, 1-nitropropane, 2-nitropropane)°-a total of 52 
systems. From the tests, certain generalities were observed? (a) the 
critical solution temperature increases as the number of carbon atoms 
in the hydrocarbon increases, but it decreases as the number of carbon 
atoms in the nitroparaffin increasesj (b) for hydrocarbons containing 
the same number of carbon atoms, the critical solution temperature 
decreases in the order--normal paraffin, isomer of normal paraffin, 
cyclic hydrocarbon and unsaturated hydrocarbon. These generalities 
suggested the possibility that some of the lover nitroparaffins such 
as nitroraethane ana nitroethane, can be used tc separate hydrocarbons 
of different structure and/or molecular weight. Based upon the above 
analysis, nitroethane and hydrocarbons including normal paraffins, 
monolefins and isomeric paraffins were chosen to be studied in this 
work. 
The prediction of phase equilibria in a multicomponent system is 
theoretically possible if the data, such as activity coefficient, of 
the binary pairs involved in that system are known, Therefore, only 
binary systems were studied in this work. The mutual solubilities of 
these systems at various temperature intervals up to the critical solu-
tion temperature was determined by using both the analytical method and 
synthetic (cloud point) method. The uncertainty of the solubility data 
was estimated to be ±0.002 weight fraction for most of the analŝ tical 
data and ±0,1 C. for most of the synthetic data. The binary systems and 
temperature range for which mutual solubility have been determined are 
tabulated in Table 1. 
Table 1. The Binary Systems and Temperature Range 
of Mutual Solubility Determination 
Systems Temperature Range, °C. 
n-Hexane - Nitroethane 2.9 to 29.3 (C. S. T.)* 
2-Methylpentane - Nitroethane 2.05 to 26.J (C. S. T.)* 
1-Hexene - Nitroethane -k-3 to =28.5 (C. S. T.)* 
n-Octane - Nitroethane k.2 to lj-1.3 (C. S. T.)* 
2,2,^-Trimethylpentane - Nitroethane 1.8 to 29.5 (C. S. T.)* 
xi 
Table 1„ (cont.) 
Systems Temperature Range, °C« 
l»Octene - Nitroethane =27-5 "to -k,6 (C. S. T.)* 
n-Decane - Nitroethane 2.33 to 52.6 (C. S. T,)* 
^Critical Solution Temperature. 
These quantitative studies confirmed the qualitative tests and 
indicated that nitroethane might be useful as an extraction solvent 
in the separation of the hydrocarbons studied. 
Mutual solubility data were used to calculate activity coefficients 
based on the van Laar, MargiO.es and Scatchard-Bamer equations. The 
difference between the activity coefficients calculated by the van Laar 
and the Margules equations was negligible. Howevers in the dilute 
region, the activity coefficients calculated by the Scatchard-Hamer 
equations differed considerably from those calculated from the other 
two equations. The ratios of the constants A by B were in all instances 
less than two indicating that the van Laar equations should be appli-
cable to these systems. 
The plots of the van Laar constants A and B of each system versus 
the reciprocal of the absolute temperature gave straight lines at temp-
eratures below the region of the critical point. Both plots started to 
deviate from the straight lines at three or four Centigrade degrees 
below the critical solution temperature„ Thermodynamic conditions at 
the critical solution temperature were applied to examine the magnitude 
xii 
of the deviation of the van Laar constants from the linear relation 
at that temperature. 
The linear relationship between the van Laar constants and the 
reciprocal of absolute temperature permit the extrapolation of the van 
Laar constants beyond the experimental temperature range. Therefore} 
for the seven systems studied in this work> linear extrapolation to 
obtain the van Laar constants below experimental temperature should 
provide a good estimation Since deviation from linearity has been 
found near the region of the critical temperature, the linear extrapo-
lation up to critical temperature will introduce a slight error in the 
estimated constants• 
Linear extrapolation of the van Laar constants into the temperature 
region above the critical solution temperature is somewhat more uncer-
tain* However, in the absence of experimental vapor-liquid equilibrium 
data such extrapolation permits the estimation of the vapor-liquid 
equilibrium data for these seven systems* 
CHAPTER I 
XOTRODUCTXON 
The process of solvent extraction has been extensively used in 
the petroleum industry* Among the organic solvents commercially used 
for this purpose are furfural, ^ 9 & -dichloroethyl ether., nitrobenzene^ 
and phenol« These polar solvents exhibit different miscibilities with 
hydrocarbons, depending on the chemical characteristics of the hydro™ 
carbons (l)*« Nitro-derivatives of lover paraffins ? known as highly 
polar substances, have also been considered as potential solvents in 
this fieldo The use of nitromethane in the extraction of hydrocarbons 
has been studied by Trinh (2) and Kimura^ et aJL {3) 9 and several 
ternary systems involving nitromethane and hydrocarbons have been in-
vestigated by Hunt; et «X« (K) (5) and Francis (6) 9 but data on nitrom-
ethane or higher nitroparaffins are lacking in the literature. 
In order to obtain some knowledge of the miseibility of hydro-
carbons and nitroparaffins^ a test for this purpose including thirteen 
hydrocarbons and four lower nitroparaffins (a total, of fifty-two 
binaries) has been made by Ho Godbee and this author» From the re-
sults 9 tabulated in Table 8 in Appendix I, certain generalities can 
be observed? (a) the upper critical solution temperature of a 
nitroparaffin hydrocarbon system will increase as the number of carbon 
atoms in the hydrocarbon increases^ but it will decrease as the number 
^Numbers in parentheses refer to references listed in the Biblio-
graphyo 
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of carbon atoms in the nitroparaffin increases °9 (b) for hydrocarbons 
containing the same number of carbon atoms, the critical solution 
temperature decreases following the orders normal paraffin, isomer of 
the normal paraffin, cyclic hydrocarbon and unsaturated hydrocarbon. 
Similar generalities can be found in the data of Francis (7), where the 
critical solution temperature has been determined for hydrocarbons in 
over a hundred solvents, including most of the type used in petroleum 
extraction as mentioned in the first of this chapter- It seems that 
the difference in critical solution temperature between isomers and 
normal paraffins is larger in nitroparaffin solutions than in other 
solvents• The difference in critical solution temperature may not 
necessarily mean a difference in selectivity, as stated by Francis (7)j 
it suggests, however, the possibility that nitroparaffins may be used 
to separate an isomer or an unsaturated paraffin from a normal paraffin. 
It was this possibility that initiated the interest in this study. 
Since the prediction of phase equilibria in multicomponent systems 
are theoretically possible using data,such as activity coefficients, 
of binary pairs involved in that system (S) s only binary systems of 
n«hexane - nitroethane, 2~methylpentane - nitroethane, 1-hexene -
nitroethane, n»octane = nitroethane, 2,2,^"trimethylpentane - nitro= 
ethane, 1-octene - nitroethane, and n°decane - nitroethane were studied 
in this work. 
The mutual solubility data for the seven systems were determined 
at various temperature intervals up to the critical solution tempera-
ture* The van Laar, Margules, and Scatchard<=Hamer equations were used 
in the calculation of the activity coefficients from the mutual 
3 
solubilities„ The activity coefficients at temperatures beyond the 
experimental temperature range can be estimated by extrapolation if the 
linear relationship between the constants of the activity coefficient 
equations and the reciprocal of absolute temperature is valid. This 
relationship, which had been studied by Benedict9 et al. (9), Mertes^ 
et alo (10), and Bethea (ll), "was also studied for these seven systems. 
The determination of mutual solubility data at temperatures lower 
than room temperature was done mostly by means of gas chromatographic 
analysis. Synthetic (cloud point) method was used at temperatures 
above room temperature and also at some lower temperatures in order to 
check the agreement of two methods. The commonly used refractive index 
analysis was not applied to these systems because nitroethane and the 
seven hydrocarbons did not have a sufficiently large difference in 




Calculation of activity coefficient.—The most frequently used equations 
relating activity coefficient with mole fraction are those developed 
by van Laar (12), Margules (13), and Scatehard and Earner (lb). These 
equations, after rearrangement by Carlson and Colburn (15) > each con-
tain two constants which are equal to the logarithm of the activity 
coefficients at infinite dilution* As an example, the van Laar equa-
tions relating the activity coefficients of the hydrocarbon and nitro-
ethane with mole fractions are 
Ax5s \2 log r H s Av/(1 + 5- 5= 
Bw XTT 0 
where Ay s log If H at X H s 0 
B v s loglTjj at Xfl s 0 
Scatehard and Hamer (lk) have shown that for a partially miscible solu< 
tion, constants A and B can be calculated from the knowledge of mutual 
solubilities» The equations derived by Carlson and Colburn (15) to 
calculate the van Laar constants from mutual solubilities are 
5 
Av 
XM + %Hj log(
xHH/xM) 
X M XKH loe(xM/xM) 
^ ,XM , xHHv _ — m —w>-n M, 
X M X M %TXNH 1 OS( XM/ XHH) 
Ay * ^osi^HH/^M % 
-)S 
1 •»• ̂ Z S i 1 4 AV XHB 
Bv x w Bv XUH 
Effect of temperature on activity coefficient.-~Hougen and Watson 
have derived an expression for the effect of temperature on activity eo° 
efficient as followss 
, 31nVi* 
where H^ - Ĥ ° is the partial molal enthalpy relative to the pure 
components at the temperature of the solution or the differential heat 
of solution. If data on heats of solution are available over the tempera-
ture range involved, the effect of temperature on activity coefficients 
can readily he shown "by Equation 5» For many organic solutions the 
differential heat of solution at a constant composition are found to be 
only slightly affected by varying temperature (17) > and Equation 5 can 
be integrated as followss 
lnt± s (% - %°)/RT + Cx 
where C^ is a function of pressure and composition, Benedict9 et al. 
have used a relation similar to Equation 6 to represent their data, 
Bethea (ll) found that the activity coefficients calculated from the 
6 
mutual solubility data obtained in his work could be expressed by 
Equation 6. He also extrapolated Equation 6 from the partially miscible 
region to the temperatures above critical solution temperature in order 
to estimate the activity coefficients in the homogeneous region. 
At infinite dilution (i.e. XJJ = 0 or XJJ = 0) 
logY* = A or B 
From Equation 6, it can be shown that 
A = C2/T + CX (7) 
B = Cg/T 4 Ci (8) 
where C^, Co* C^ and Cg are functions of composition and pressure. 
Mertes and Colburn (10) found that Equations 7 and 8 agreed well with 
experimental data* 
The validity of Equations 7 and 8 was studied for the seven systems 
investigated in this study. For temperatures below the critical solu-
tion temperature where mutual solubilities could be used to calculate 
A and B, a direct check of Equations 7 and 8 was possible. For tempera-
tures close to or at the critical solution temperature9 the method in 
the following section of this chapter was used. Above the critical 
solution temperature, experimental activity coefficient data at some 
particular temperature are necessary to show the validity of Equations 
7 and 8C These data are not available for the nitroparaffin hydro-
carbon systems studied in this work. 
7 
Activity coefficients at critical solution temperature.--At critical 
solution temperature, Prigogine (18) derived the necessary and suffi-






Applying the above conditions to Equations 1 and 2 (van Laar 
equation) gives the following results (19)s 
Arc a (i - XHC) (I + XHC) 
BVC XHC (2 " XHC^ 
AVC -
 5'862 g ' ^ (10) 
TC ( 2 - X H C )2 ( 1 + XHC) 
Equations 9 and 10 can be combined into one equation by eliminating 
the parameter XJJQ<, 
0(AVC, BVC) = 0 (11) 




+ Cl (12) 
Equations 11 and 12 when plotted using Ay as abscissa and By as 
ordinate will intersect at a point (Ayp., Byr) which will be equal to the 
8 
value A ™ and By^ obtained by substituting the experimental critical 
solution temperature in Equations 7 and 8, provided that the linear re-
lations hold at temperatures up to the critical solution temperature. 
Dauphin (20) found that the relation of the Ay and By at critical solu-
tion temperature, which he obtained by extrapolating Ay and By calculated 
from mutual solubilities, was in good agreement with Equation H . How-
ever, this agreement is actually a consequence of using Equations 3 and 
k to calculate Ay and By* Therefore, if the linear relation holds up 
to critical solution temperature, the using of Equations 3 and k will 
8 ? It II 
lead to the consequence that AyC and ByC is identical to Aye and Byc, 
respectively. 
The above analysis is based on the assumption that the activity 
coefficients of the system do agree with the van Laar equations. The 
same procedure can also be applied to the system represented by the 
Margules or Scatchard-Hamer equations. 
9 
CHAPTER III 
EXPERIMENTAL APPARATUS AHD MATERIAIS 
Apparatus 0 - -The mutual solubilities were determined by two methods j, 
the analytical method and the synthetic (cloud point) method (21). 
The analytical method requires that equilibrium be attained between 
the two phases of the binary system. The mutual solubilities are then 
determined by analyzing the samples taken from each of the two liquid 
phases. The synthetic method determines the temperature at which 
phase separation occurred and disappeared in a binary system of known 
composition* The apparatus for the two methods are described as fol-
lows s 
lo Analytical Method, 
The essential features of the constant temperature bath and the 
equilibrium cylinder are shown in Figure 1. The bath—manufactured 
by Wilkins-Anderson Company^ Chicago,, Illinois<=»eonsisted of a pyrex 
jar of ten gallon volume, a stirrer^ a refrigerator and a heater both 
controlled by a mercury thermo-regulator <» Aqueous propylene glycol 
solution containing 60 per cent by weight of glycol was used as bath 
fluido The bath was insulated with plexiglas and cotton. This unit 
was able to maintain a fixed temperature within one tenth of a centi-
grade degree. A thermometer with 0ol°C. subinterval^ claimed by 
supplier to meet the requirements of National Bureau of Standards 
Circular 8^ was used to obtain the bath temperature. 
The equilibrium cylinder—a modified graduated cylinder of about 
BATH COVER 




















Figure 1. Constant Temperature Bath and Equilibrium Cylinder. 
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350 ml- volume—had a ground glass top, which -was tightly fitted to a 
Teflon seal stirrer driven by a variable speed motor and also inter-
changeably fitted to a ground glass seat for the sampling pipette. When 
the top end was closed by the stirrer or the sampling pipette, the 
pressure inside the cylinder vas balanced with atmospheric pressure 
through a drying tube which reduced the evaporation rate in the cylinder. 
A Model 15^-B Vapor Fractometer, manufactured by the Perkin-Elmer 
Corporation, Uorwalk, Connecticut, was used for analysis% its operation 
was based on the principles of gas chromatography (22). Helium was 
used as carrier gas. Two two-meter partition columns*, filled with 
diisodecyl phthalate as stationary liquid, gave complete resolutions 
to all of the binary systems studied in this thesis except the n-octane -
nitroethane and the 1-octene - nitroethane systems. A silver nitrate 
column** -was found to give complete resolution to these two systems. 
*This column was designated as A»column by the supplier, Perkin-
Elmer Corporation, The characteristics of this column for separating 
hydrocarbons were studied in a number of preliminary experiments. It 
was found that the group of hydrocarbons which could not be separated 
from each other by this column usually contained a monolefin, its satu-
rated paraffin and a few isomeric paraffins. For example, normal 
heptane, l»heptene, 2,2,If—trimethylpentane and cyclohexane constituted 
one of the groups„ For hydrocarbons of different groups, the hydro-
carbon of higher boiling point generally had longer retention time than 
the hydrocarbon of lower boiling point» 
**This column, made by Olin M. Fuller,, was a quarter inch copper 
tube with a length of six feet filled with 20.5 gram of a mixture con-
taining 71°29 weight per cent of insulating brick powder, 26.33 weight 
per cent of triethylene glycol and 2.38 weight per cent of silver 
nitrate o The brick powder was prepared by grinding a Johns-Manville, 
C-22^ insulating brick to a size between kO to 60 mesh* The silver 
nitrate was dissolved in triethylene glycol before being mixed with 
brick powder. The characteristic of this column was mentioned in "Gas 
Chromatography," by Keulemans (23). 
In order to obtain a sufficiently high peak from nitroethane, the 
column had to operate at least above 80°C. which was much above the 
proper column temperature for hydrocarbons that the retention time of 
hydrocarbon was too short to give a reproducible peak* Therefore, one 
of the phthalate columns mentioned above was used at 80°C. in series 
with the silver nitrate column (the phthalate column was connected 
after the silver nitrate column) for the analyses of n-octane - nitro-
ethane and 1-octene - nitroethane systems„ The detector of the Vapor 
Fractometer was a thermister thermal conductivity cell. The voltage 
change of this cell was plotted by a potentiometer recorder manufac-
tured by Leeds & Northrup Company, Philadelphia* The sample was intro-
duced into the Fractometer by the Micro-dipper, a capillary pipette, 
supplied by the manufacturer of Fractometer. 
2. Synthetic (Cloud Point) Method 
A 10.0 ml. volumetric cylinder suspended in the constant tempera-
ture bath was fitted with a cork with a thermometer inserted through 
the cork into the cylinder. The thermometer used here was the same as 
the one used in the constant temperature bath. 
3» Refractive Index Determination 
A Bausch & Lomb precision sugar refractometer (range 1.30 to 1.50) 
was used with a Precision "Temp-Trol" Water Bath which circulated con-
stant temperature water through the Refractometer. 
Materials.—All the hydrocarbons used in this study were donated by 
Phillips Petroleum Company, and the nitroparaffins were donated by 
Commercial Solvents Corporation0 The materials were used as received 
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without further purification. In order to estimate the purity of the 
materials the refractive index of these materials were determined at 
20°, 25° and 30°C. The refractive index values found and the corres-
ponding values from literature are tabulated in Table 2, These materials 
were also analyzed by Vapor Fractometer at several temperatures. The 
diisodecyl phthalate column mentioned on page 11 was used for these 
analyses* The results of the analyses showed that n-octane, 2,2,h-
trimethylpentane, 1-octene and n-decane gave no minor peak on the 
Fractogram*, but n-hexane, 2-methylpentane and nitroethane each had one 
minor peak, and 1-hexene had two minor peaks. The single minor peak 
which appeared with the nitroethane peak had the same retention time 
as 2-nitropropane; suggesting that 2-nitropropane might be the impurity 
in the nitroethane (2k). The minor peaks of hydrocarbons were not 
identified. However, the areas of the minor peaks were in all instances 
less than 0.5 per cent of the area of the main peak which approximately 
represented the mole per cent of impurities in the material (22). 
From the above analyses and the comparison of refractive index 
values with literature data, it was concluded that the materials used 
had a high purity, 
*The plot on the recorder chart showed the variation of voltage 
in the detector of the Fractometer, 














Eefractive Index Np Eefractive Index Np 
(Data determined by t h i s author) (Data from l i t e r a tu r e ) 
2CTC 25WC 30WC 20 C 25 C 30°C 
Phi l l ips Pure* 
Petroleum Oo. 
Di t to . 
1.37491 1.37240 1.36988 1.37486 1.37226 (25) 
Technical** 1.37156 1.36897 I.36631 1.37145 1.36873 (25) 
D i t t o . Technical** 1.38824 I.38540 1.38272 1.38788 I.38502 (25) 
D i t to . Pure* 1.39746 1.39515 1.39288 1.39743 1-39505 (25) 
D i t to . Pure* 1.39148 1.38918 I.38671 1.39145 I.389OI (25) 
D i t to . 
D i t to . 
Pure* 
Pure* 
Commercial Eed is t i l l ed 
Solvents Co. 
1.^0872 1A0638 1.40389 1.40870 1.40620 (25) 
1.41185 1.40977 1.40756 1.41189 1.40967 (25) 
1.39195 1.38974 1.38739 1.39193 1.38973 1.38754 (26) 
* 99 mole per cent minimum, claimed by the supplier . 




Analytical method.—This method was used to obtain mutual solubilities 
of a partially miscible solution by analyzing the samples taken from 
the two liquid layers. 
The desired amount of hydrocarbon and nitroparaffin was poured into 
the equilibrium cylinder to prepare a solution of about 200 ml. total 
volume—approximately 100 ml. of volume of each phase in equilibrium. 
The time required to establish equilibrium in the solution at the bath 
temperature was determined by analyzing samples taken from the solu-
tion at different time intervals„ It was found that the composition of 
both layers remained constant after eight minutes of stirring. Sixteen 
minutes of stirring was used in all experiments in this work. 
After the solution was brought to equilibrium, the stirrer was 
abruptly stopped and removed. In place of the stirrer, the pipette 
seat and a sampling pipette for the lower layer was placed, in position. 
In order to avoid contamination of the lower layer sample with solu-
tion from the upper layer, the above steps were executed so that the 
pipette was inserted into the solution when the solution was still 
swirling by the inertia from the stirring action. Also, a slight 
pressure was maintained in the pipette to keep the solution from enter-
ing the pipette until the two layers were clearly separated. The 
sample was then forced into the pipette by applying air pressure through 
the drying tube. The sample, with a volume of approximately eight 
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milliliters, was kept for analysis in a ten milliliter volumetric flask 
tightly closed by a ground glass stopper lubricated with stop-cock 
grease. The solution disturbed by the -withdrawal of the pipette was 
then allowed to settle for fifteen minutes before the sampling of 
the upper layer. Since, at this time, the pipette only touched the 
upper layer, the measures to prevent contamination were not necessary. 
In order to determine the composition of the collected samples, 
several calibration samples of known composition containing the same 
components as the unknown sample were analyzed by the Fractometer. The 
peak heights which appeared on the recorder (after correction for base 
line) were plotted against the composition of the known samples to ob-
tain a calibration curve. Since the peak height was directly proportional 
to the concentration of the component (22), the calibration curve 
obtained was essentially a straight line which could be extrapolated to 
the origin as shown in Fig. 2. The peak height of the unknown sample 
gave a composition on the calibration curve; this composition was used 
as the composition of the unknown sample. It was decided to use the 
peak height of the minor component since the peak height of the minor 
component was more sensitive to the change of composition than the major 
component for the calibration curve. The accuracy of this method 
depended primarily upon a stable operating condition of the Fractometer 
during analysis. A small change in column temperature, flow rate or 
other operating conditions usually gave a significant change in peak 
height. Therefore, a known sample was introduced into the Fractometer 
from time to time to check the reproducibility of the operating condi-
tions. The operating conditions of the Fractometer are tabulated in 
Table l6, Appendix II. 
/ ; 
OPERATING CONDITION: 
TABLE 16, APPENDIX II 
/ 
/ 
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Figure 2. Calibration Curve. n-Hexane - Nitroethane System. 
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The mutual solubility at temperatures above room temperature could 
not be obtained by this analytical method because of phase separation 
which occurred in the sample after withdrawal from the solution. The 
following synthetic method was used for this temperature range. 
Synthetic (Cloud Point) Method 
Known weights of hydrocarbon and nitroparaffin were added to a 10 ml. 
graduated cylinder to make a solution of about six ml. of volume. The 
cylinder, closed by the cork and the thermometer, was then submerged 
into the bath. By repeated heating and cooling of the solution in the 
bath, the temperature at which the solution became turbid due to the 
forming of a second phase and the temperature at which the turbid 
solution became homogeneous were determined to such an accuracy that both 
temperatures agreed to within one tenth of a Centigrade degree. The 
average value of these two temperatures and the composition of the homo-




EXPERIMENTAL DATA AND RESULTS 
In order to check the analytical method against literature data 
and data from refractive index determinations, the nitromethane-
cyclohexane system was studied. The results are tabulated in Table 3« 
Table 3« Comparison of Mutual Solubility of 
Nitromethane-Cyclohexane System 
Source of VJHH W H N 
Data 15 25 30 (°C) 1? 25 30 (°C) 
Analytical Method 0.0^3 0,053 O.065 
VJeck & Hunt (5) 0,978 0.051 
Refractive Index 0.978 0.972 0,966 0.0^3 0.05^ 0.066 
Vreeland and Dunlap (27) have determined the mutual solubility 
in the 2,2,li--trimethylpentane - nitroethane system from 25°C up to 
critical solution temperature. The critical solution temperature 
(29»8°C.) reported by them agreed -with the value of 29.5°C. obtained 
in this work. However, the mutual solubility data estimated from 
their plotted data (no tabulated data given) show serious discrep-
ancies when compared with the values obtained in the present work, as 
is shown in Table k, 
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Table k. Comparison of Mutual Solubility of 
Nitroethane - 2,2,^-Trimethylpentane System 
Source of Wgg Wfflj 
Data 25 27 28 (°C) 25 27 28 (°C) 
Vreeland & Dunlap 0.875 0.8^6 0.812 O.315 0.262 O.396 
This Work 0.776 0.730 0.70^ O.283 0.320 0.3^ 
Discrepancies were also noted between their mutual solubility plot 
and ternary plot. At 25°C. and zero concentration of the third compon-
ent (perfluorotri-n-butylamine), the ternary plot gave an estimated value 
of 0.78 for VJJJH and 0.32 for WJJN« Therefore, it is possible that their 
mutual solubility data were misplotted. 
An estimation of the uncertainty in the experimental data was 
based on: (l) the agreement between the data obtained by the analyti-
cal and synthetic methods, (2) the smoothness of the curve in the mutual 
solubility vs. temperature plot, (3) the reproducibility of the equi-
librium composition of the phases, (k) the reproducibility of Vapor 
Fractometer analysis. 
For most systems, the uncertainty was about ±0.002 weight fraction 
for the analytical data and±0.1°C. for the synthetic data, except for 
the 1-hexene - nitroethane system which had low reproducibility in the 
equilibrium cylinder. 
The mutual solubility data for the seven systems are tabulated 
in Table 9 through Table 15 in the Appendix. Plots of these data are 
shown in Figure 3 through Figure 9» The binary systems and temperature 
range for which mutual solubility has been determined are tabulated in 
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Table 1, page x. The mutual solubility datum determined by the syn-
thetic method is reported in the tables as a single value of composition 
with an average value of two temperatures, because the appearance and 
disappearance of turbidity in the solution can not be attained at 
the same temperature, as mentioned previously. The mutual solubility 
data determined by the analytical method had a variation of ±0.05°C. 
in temperature as mentioned in page 9, However, the effect of this 
temperature variation on composition has been estimated and is expressed 
as the uncertainty in the composition. Therefore, the temperatures 
of the mutual solubility data are presented as single values. The 
composition in the analytical datum was an average value of three or 
more analyses in the Fractometer for each equilibrium sample; the 
duplication of analyses was for the purpose of checking the reproduci-
bility of Fractometer. In some cases when more than one sample are 
drawn from the same layer at the same temperature in order to check 
the reproducibility of the equilibrium composition, the average value 
of the samples is presented. The variation of composition from differ-
ent analyses mentioned above is expressed as the uncertainty of the 
composition in the tables. 
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Figure h. Mutual Solubility Versus Temperature. 
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Figure 6. Mutual Solubility Versus Temperature. 
n-Octane - Nitroethane System. 
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Figure 7. Mutual Solubility Versus Temperature. 
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Figure 9. Mutual Solubility Versus Temperature. 




ACTIVITY COEFFICIENT CORRELATION AMD DISCUSSION 
The validity of the van Laar, Margules and Scatchard-Hamer equations 
was investigated by Scatchard and Hamer (1*0, Carlson and Colburn (15) 
using experimental data to check the activity coefficient curve calcu-
lated from the three equations. Wohl (28) has summarized and extended 
their investigations into a description of the characteristics and 
limitations of these equations. He also showed that certain criteria 
could be used to select the appropriate equation for a binary system 
if some information about this system was known. 
All three of the equations have been used by the author to corre-
late the data for n-hexane - nitroethane and 2-methylpentane -
nitroethane systems.* The constants A and B at various temperatures are 
tabulated in Table 17 ana Table 18 (Appendix III). The activity coeffi-
cients for the entire composition range have been computed from these 
constants and are tabulated in Table 2^ and Table 25 (Appendix III). 
Both the van Laar and the Margules equations were used for the n-octane -
nitroethane system. The calculated constants A and B at various temp-
eratures are tabulated in Table 20 (Appendix III). For the systems 
1-hexene - nitroethane, 2,2,ij-trimethylpentane - nitroethane and 
n-decane - nitroethane only the van Laar equations were used. The cal-
culated constants are tabulated in Tables 19, 21, 22, and 23 (Appendix 
*These and other computations have been carried out with the help 
of an IBM. 650 computer. 
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III). The mutual solubility data used in these calculations were taken 
from the smoothed curve of the mutual solubility vs, temperature plot 
which had a scale larger than those shown in Fig- 3 to Fig. 9< 
If the values of Ay and By are identical, the van Laar and the 
ttergules equations reduce to the same expression (28). In these seven 
systems investigated, the ratios of the van Laar constants were close 
to unity, therefore the calculations made using the van Laar and the 
Margules equations gave almost identical results as shown in Tables 17 , 
1.8 and 20 (Appendix III). The constants Ag and 3g of the Scatchard-
Hamer equations were slightly unsymmetrical but the ratios of the con-
stants were still less than two as shown in Table 17 and 18 (Appendix 
III). The activity coefficients calculated by the Scatchard-Hamer 
equations differed in the dilute region from those calculated by the 
other two equations, ̂ s shown in Tables 2k and 25 (Appendix III). From 
these calculated data, it could be concluded that these seven systems 
were fairly symmetrical since the ratios of the van Laar constants were 
all less than 1«5= According to V.'ohl's analysis (28), such systems 
normally can be well described by the van Laar equations. Therefore, 
the following discussions were based on the data calculated from the 
van Laar equations. Although the discussions covered all seven systems, 
only the complete plot of n-octane - nitroethane systems was included 
in this thesis as an example. 
From the plot of the van Laar constants, Ay and By, against the 
inverse of absolute temperature °K, as shown in Figure 10, the linear 
relations expressed by Equations 7 and 8 were found to apply to the 
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Figure 10. The van Laar Constants Versus Reciprocal Temperature. 








The constants Ay and By began to deviate from the straight line about 
three or four degrees below the critical solution temperature. The 
approximate temperature at which deviation started is shown in Table 5-
Table 5. Comparison of Critical Solution Temperature 
and Deviation Starting Temperature 
Critical Solution Deviation Starting 
Temperature °C. Temperature °n. 
n-Hexane - TJitroethane 
2-Methylpentane - Nitroethane 
1-Hexene - Nitroethane 
n-Octane - Nitroethane 
2,2^-Trimethylpentane - Nitroethane 29*5 
1-Octene - Nitroe thane 
n-Decane - Nitroethane 
The values of Ay and By became unreliable when the temperature 
approached the region close to critical solution temperature where 
the mutual solubility vs. temperature curves were so flat that no defi-
nite solubility could be read from the curves. At the critical solution 
temperature, Equations 3 and k become indeterminate since Xgjj equals to 
XTJH and X^JJ equals to X^. Therefore, the deviation at the critical 
solution temperature had to be estimated by the method discussed.in the 
last section of Chapter II. 
The straight line expressed by Equation 12 on Figure 11 was extrapo-
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(A'yQ, B ' Y Q ) , On the extrapolation of Equations 7 and 8 on Figure 10, 
the values of A'y^ and E'y^ gave a temperature V Q , and the experimental 
critical solution temperature trj gave the values A"yQ and B"yrj. If the 
linear relationship had been held up to critical solution temperature, 
the tc, A"yc
 an^ 3"vc w o u ^ have been equal to t'c, A'yc and B'yc respec-
tively. The values of tc, t'c, A"y^ A'yC, B"yC and B'yC obtained from 
the seven systems are tabulated in Table 6. 
Table 6 = Comparison of the van Laar Constants and the Critical 
Solution Temperature from Linear Sxtrapolation 
t C t
!c £"VC A'yc 3nyc 3'yc 
n-Hexane - Nitroethane 29.3 31-2 O.909 0.886 O.Qlk 0.8*1-8 
2-Methylpentane - Nitroethane 26,7 30.k 0.912 0.882 0,899 0.853 
1-Hexene - Hitroethane -28,5 '26.6 0.8l6 0.795 0.958 O.936 
n-Octane - Nitroethane *U.3 ^ - 9 1.002 O.966 0.802 O.762 
2,2,^-TrimethyXpentane -
Nitroethane 29.5 35-1 O.982 O.95V 0.83k O.766 
1-Octene - Nitroethane - k.6 - 2,5 0.971 0,9^8 0.810 O.782 
n-I)ecane - Mtroethane 52.6 57-3 1.102 1.053 0.7O1 O.658 
The discrepancy of these values indicated that the actual value of 
Ay and 3y at t^ y or Ay^ and By^, did not equal to either A'yrj and B*yc 
or A"YQ and 3"yQ9 The exact value of Ay^ and ByQ could not be obtained^ 
only the approximate magnitude could be estimated from the Figure 10 
and Figure 11. Prom Figure 10, it was found that the plots of Ay and 
By calculated from the experimental data drifted downward from the 
35 
straight line -when near the critical solution temperature. Therefore, 
Aye an<3 3vc must be less than A"yc a n& ^"VC respectively. From Figure 
11, the plot of the curved part drifted upward which implied that A 
was less than A'yQ and ByQ was larger than B'yQ. The above analysis 
could be summarized as follows: 
Avc ^ A'vc ^ A,'vc 
3'vc * Bvc ^ B"vc 
Using the value of the n-octane - nitroethane system in Table 6, the 
range of ByQ could thus be fixed? 
0.762 < B v c <£ 0.802 
Knowing the range of ByQ, the range of AyQ was estimated from the plot 
of Equation 11 on Figure 11. 
0.930 < A v c <. O.966 
Therefore, if the values of A"yC and B"yC obtained by linear 
extrapolation of Equations 7 and 8 were used in calculating the activ-
ity coefficients at tg, an error would be introduced into the calcula~ 
tions. Since the maximum error in A'yQ was 
A'8VC - 0.930
 s 0.072 
and in B'!yQ was 
B"VC - B'yc S 0.0*1-0 
36 
the maximum error in activity coefficients calculated from AMyC and 
3"yc was estimated in Table 7« 
Table 7. Error in Activity Coefficient at t£ 
X 0.00 0.05 0.1 0.2 O.k 0.6 0.8 0.9 1 
Maximum 
Error # 8 6 5 5 3 2 0 0 0 
The same analysis was applied to the other six systems. The maximum 
error in A"yQ and B"yQ of those systems was found to be in the same order 
of magnitude as the error in the n-octane - nitroethane system. 
Experimental vapor-liquid equilibrium data are required for the 
further investigation of the choice of the van Laar equations and the 
validity of linear relationship. For example, the extrapolated constants 
Ay and 3y can be used to estimate the vapor-liquid equilibrium data 
from the following relations, 
PH1TH XH % 3*N% 
YH ' It YN s 7T 
The estimated value can be compared with the experimental vapor-liquid 
equilibrium composition data directly. However, the estimation of vapor-
liquid equilibrium data by the above linear extrapolation method is also 
useful when no such data are available, as is the case of the seven 




From the results of this study of phase equilibria in nitroparaffin -
hydrocarbon systems, the following conclusions may be drawn: 
1. The critical solution temperature of nitroparaffin - hydrocarbon 
binary systems increases as the number of carbon atoms in the hydrocarbon 
increase, but decreases as the number of carbon atoms in the nitro-
paraffin increases. For hydrocarbons containing the same number of car-
bon atoms, the critical solution temperature decreases in the orders-
normal paraffin, isomeric paraffin, cyclic hydrocarbon and unsaturated 
hydrocarbons. 
2. Experimental mutual solubility measurements were made for the 
seven binary systemsi n-hexane - nitroethane, 2-methylpentane - nitro-
ethane, 1-hexene - nitroethane, n-octane - nitroethane, 2,2,lj-=trimethyl= 
pentane - nitroethane, 1-octene - nitroethane and n-decane - nitroethane, 
at various temperatures up to critical solution temperature. The uncer-
tainty in the solubility data was±0.002 weight fraction for most of the 
analytical data and ±0.1°C<. for most of the synthetic data. 
3* The van Laar, Margules and Scatchard-Hamer equations were used 
to calculate the activity coefficients from the mutual solubility data. 
The activity coefficient curves calculated from these equations were 
fairly symmetrical since the ratios of the constants A and B were less 
than two. Therefore, the van Xiaar equations may be expected to represent 
the activity coefficients of these systems in the homogeneous region 
with good accuracy. 
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k. The linear relationship between constants A or B with the 
reciprocal of the absolute temperature was found to be valid from temp-
eratures below the critical solution temperature to within a few degrees 
of this temperature. The linear relationship provides a means of 
estimating the van Laar constants or activity coefficients in the region 




QUALITATIVE MISCIBXLITr TESTS FOR TUTROPARAFFIW ~ HYDROCARBON 
SYSTEMS 
Each system prepared for miscibility test consisted of a hydro-
carbon and a nitroparaffin. Each pure component had an approximate 
volume of five milliliters, The solution was contained in a 10 ml. 
volumetric flask which was submerged in a constant temperature bath. 
The flask was kept in the bath for about 20 minutes •with occasional 
shaking which was sufficient time to obtain equilibrium in the solution 
If the solution appeared to be homogeneous, the concentration of this 
system was varied and reequilibrated at this temperature in order to 
assure that no phase separation occurred at any concentration at this 
temperature, The tests were executed at four different temperaturesj 
-15°^ 0°, 15° and 30°C« The occurrence of phase separation in these 
systems are tabulated in the following table. 


















-13 0 15 30 
P P P P 
P* P* P* P* 
P P P P 
P P P P 
S* S* P* P* 
P* P* P* P* 
p# p* p* p* 
P P P P 
P* P* p* P* 
P* P* P* P* 
P P P P 
S* M* M* M* 
M* M* M* M* 
Nitroethane 
TemperatureuC 
•15 0 15 30 
1-Nitropropane 2 -Nl t r opr opane 
Temperature C TemperatureuC 
-15 0 15 30 -15 0 15 30 
P P M M 
P* P* P* M* 
P P P M 
H M H M 
S* P* M* M* 
M M M M 
M* M* M M* 
M M M M 
M M M M 
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p * p * p * M* M* M* M* M* M M M M 
P* M* M* M* 
P P P P 
S* M* M* M* 
M* M* M* M* 
M* M* M* M* M M M M 
P P M M P M M M 
S* M* M* M* S M M M 
M* M* M* M* M M M M 
s 
* Data determined by Hersctel W. GoSbee. 
APPENDIX II 
MUTUAL SOLUBILITY 
Table 9« Mutual Solubility, 
n-Hexane - Nitroethane System 
Data from Analytical Method 
Temperature, W ^ \Jm 
0Cc 
2.90 0.921 ±0 .002 0.101 ±0,002 
9A0* O.89I1- ±0 ,002 0.136 ±0.002 
13.65 O.876 ±0.002 ™ —.-
19-95 0.818 ±0.003 0,211* ±0.00if 
2^.00* 0.769 ±0.003 0.265 ±0.005 
25.30 0.7^3 ±0.003 0.290 ±0.003 
26.25 0.73^ ±0.003 0.310 ±0.003 
27.20 0.698 ±0.003 0.32k ±0.003 








26o 1 ± 0 , 2 29.30 ±0.05 0.5703 
27. h ± 0 . 1 0.3^87 29.20 ±0.05 O.60I7 
28,3 ± 0 . 1 0.3837 28.7 ±0 .1 0.6610 
29.20 -±0.05 0A555 27.8 ±0 .2 0.6950 
29.30 ±0.05 0.5152 2^.1 ±0 .2 0.7737 
Cr i t i c a l Solution Temperature 29.3°C. 
^Duplicate samples had been drawn from each layer. 
*0 
Table 10. Mutual Solubility. 
2-Methylpentane - Nitroethane System 
Data from Analytical Method 
Temperature, w H Temperature, WH 
2.05 O.916 ±0.001 -0.35 0.137 ±0.001 
6.30 0.899 ±0.001 3.80* 0.151 ±0.001 
8,75* O089O ±0.002 8.00 0.169 ±0.001 
11.20 0.877 ±0.002 10.85 0.186 ±0.002 
13.75 0.857 ±0.002 13.70 0.201 ±0.002 
15.95 0.843 ±0.002 17.80 0.236 ±0.002 
19.00 0.812 ±0.002 20.00 0.259 ±0.002 
2002^* 0.792 ±0.002 24.00 0.324 ±0.003 
21o00 0o782 ±0.002 25.20 0.362 ±0.003 
2^a20 0.716 ±0.002 —- — —_ 
25.50 0.680 ±0.002 »<_«> oncost . . . 
Temperature} 
°C. 
23.4 ± 0 . 1 
25.8 ± 0 . 1 
26.7 ± 0 . 1 
26.7 £ 0 . 1 
26,7 ± 0 . 1 







Cr i t i c a l Solution Temperature 26,7°0 




26.6 ±o.i 0.5783 
26.6 ± 0 . 1 0.6239 
26.2 ±0 .1 0.6594 
25-6 ± 0 . 1 0.6819 
25.3 ±0 .1 O.6969 
W W 
Samples from two layers were taken at different temperatures, 
kk 
Table 11. Mutual Solubi l i ty , 
1-Hexene - Nitroethane System 
Data from Analytical Method 
Temperature, W HH W; an 
-li-3.0* 0.883 i 0 . 0 0 3 0.212 ±0.00U 
-38 A* 0.857 ±0.003 0.261* ±0.00*+ 
-34,0* 0.822 £0.003 0.317 ±0.006 
-30.0* 0.7^6 ±0.009 o.ino ±0.009 
Data from Syntheti c Method 
Temperature, 
°C. 
w H Temperature, 
°C. 
% 
-29.8 ±0 .3 0.1«)8l -28.6 io.3 o.6ini 
-29-0 £ 0 . 2 OA65O -29.9 ±0.k 0.7295 
-28.5 ±0.2 0.5602 
Cr i t i c a l Solution Temperature -28.5°C. 
r0p. cit., page b2, 
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Table 12. Mutual Solubility. 
n-Octane - Nitroethane System 
Data from Analytical Method 
Temperature, 
°C. 
W HH WH N 
4.20 0.941 ±0.001 0.092 ±0.001 
6.50* 0.935 ±0.001 0.097 ±0.001 
10.70 0.924 ±0.002 0.107 ±0.001 
14,85* 0.910 ±0.002 0.123 ±0.001 
16.85 0.901 ±0.002 0.132 ±0.001 
18.40* 0,895 ±0.001 0.137 ±0.001 
20.80 0.885 ±0.001 0.150 ±0.001 






14.2 ± 0 . 1 0.9143 41.3 ± 0 . 1 0.5099 
23.3 ± 0 . 1 0.8770 39.6 ± 0 . 1 0.3492 
28.3 ± 0 . 1 0.8451 32.8 ± 0 . 1 0.2314 
34.6 ± 0 . 1 0.7863 26.0 ± 0 . 1 0.1765 
39.5 l o . i 0.6912 21.0 ± 0 . 1 0.1500 
C r i t i c a l Solution Temperature 4l.3°C. 
*0p. cit., page 42. 
k6 
Table 13. Mutual Solubi l i ty . 
2,2,U-Trimethylpentane - TTitroethane System 




1.80 0.923 ±0.001 
5.12* 0.913 ±0.001 
8.80 0.898 ±0.001 
11.90 0.885 ±0.001 
l ^ . l f O * 0.870 i o . 0 0 1 
17A2 0.851 ±0.001 
20.^5 0.826 ±0.001 
21,85* o.8ii* ±0.001 
23.63 0.793 ±0.001 













2^.2 ± 0 . 2 0.2721 
26.0 ±0.2 0.2910 
27.5 ±0.2 0.3201 
28.9 ±0.2 0.3711 
29.^ ±0.2 0.1&12 





29.5 ± 0 . 1 O.5689 
29.4 ± 0 . 1 o.62kQ 
28.3 ± 0 . 1 0.6985 
26.il- ±0 .2 0.7^11 
2h.6 ± 0 . 2 0.7792 
C r i t i c a l Solution Temperature 29.5°C. 
* 0p_. c i t . , page ^2. 
7̂ 
Table 1*!-. Mutual Solubility. 
1-Octene - Nitroethane System 
Data from Analytical Method 
Temperature, 
°C. 
\] HH rr V * HN 
-27 .5 0.915 ±0 .002 0,132 ± 0 . 0 0 2 
-25 .h* 0.90if ± 0 . 0 0 3 • 0.1^0 ± 0 . 0 0 3 
-21 .6 0.885 ± 0 . 0 0 3 0.162 ±0 .002 
-19 .7* 0.875 ±o.ooi* O.Vjk ±0 .002 
-16 ,7* 0.851 ± 0 . 0 0 2 0.199 ± 0 . 0 0 2 
-13 .0 0.817 ± 0 . 0 0 2 0.235 ±0 .002 
-11 .0* 0.791 ± 0 . 0 0 2 0.261 dr0.002 
- 9 .0 0,765 ±0 .003 0.293 ± 0 . 0 0 3 
- 7 .8* 0„738 ± 0 . 0 0 ^ 0.312 ±Q.00l+ 






- 6 A 5 ± 0 . 0 5 0.3650 •4 . 60 ± 0 , 0 5 0.588*1 
•4 .70 ± 0 , 0 5 OA503 - 5 . 80 ± 0 . 0 5 0.6901 
-2f,65 ± 0 . 0 5 0,5009 — - ™ 
C r i t i c a l S o l u t i o n Te mperature •4.60°C. 
*2£* cit.^ page 14-2* 
1*8 
Table 15. Mutual Solubility. 
n-Decane - Nitroethane System 
Data from Analytical Method 
Temperature, 
°C.** 
W BH Temperature, 
°C.** 
WHN 
2.33 0.956 ±0.001 7.80 0.057 ±0.001 
7.1*0* 0.9^8 ±.0.001 13.80 0.072 ±0.001 
12.1*5 0.938 ±0.001 17.20 0.081* ±0.001 
18,20* O.92U ±0.001 22 AO O.O96 i o . 0 0 1 
21.50 0.912 ±0.001 __- - __ 






31.75 ±0,05 0.1320 52.30 ±0 .05 0.5778 
39.30 ±0.05 0.1738 50.80 ±0.05 0.6670 
1*6.80 ±0.05 0.2387 1*9.32 ±0.05 0.7101* 
50.75 ±0.05 0.321*6 1*8.60 i o . 0 5 0.7380 
52.1*0 ±0.05 OA38O 1*2.00 i o . 0 5 0.8095 
52,60 =fc0.05 0.1*753 32.35 ±0 .05 0.8735 
Cr i t i c a l Solution Temperature 52.( S°c8 
*0p. cit., page 1*2. 
**2E* 2H*> P ^ 3̂« 
9̂ 
Table 16, Operating Conditions cf Vapor Fractcmeter 
Column Column Helium Sample 
Temp,, Pressure Flow Rate Size 
System Column °C. psi cc./min. microliter 
n-Hexane-
Nitroethane Two A-Column 150 ±0.2 20 35 2 
2-Methylpentane-
Nitroethane Two A-Column 150 ±0.2 20 35 2 
1-Hexene-
Nitroethane Two A-Column 150 ±0.2 20 35 2 
n-Octane- AgNOo-Column 
Nitroethane and A-Column 87 ±0.1 10 4 5 5 
2,2, 1J—Tr ime thylpentane -
Nitroethane Tv;o A-Column 150 ±0.2 20 35 2 
1-Octene- AgNOg-Column 
Nitroethane and A-Cclumn 86 io»l 17 70 2 
n-Decane-
Nitroethane Two A-Column 165 ±0.2 20 35 2 
APPENDIX I I I . ACTIVITY COEFFICIENT. 













5 128c 70.3 1.151 
10 0.892 O.lli-O 129, ,0 70.7 1.128 1-135 1.128 1.135 0.9^8 1.080 
15 0o862 0.172 1.071 1.066 1.071 1.066 
20 0.819 0.215 130. ,0 71o5 1.016 0.997 1.016 0c997 0.808 O.929 
20* 0o817 0.215 1.017 0.993 1.017 0.993 
20* 0.817 0.213 1.020 0.993 1.020 0.992 
22 0.797 0.238 0.993 0.970 0.993 O.970 
2k 0.770 0,267 0.968 0.9^ 0.967 0.9M* 
26 0-733 0.303 0.9^ 0.91̂  0.9H 0.91^ 
26* 0.738 0.303 0.9̂ 2 0.920 0.9̂ 2 0.920 
26* 0.733 0.306 0.9̂ 1 0.915 0.9̂ 1 0.915 
28 0.681* 0.369 132. ,0 72.7 0.905 O.893 O.905 O.893 0.627 O.803 
•Weight f rac t ion a r b i t r a r i l y chosen in order t o show the var ia t ion of the constants with the 
change of weight f rac t ion . 
















2 129.0 70.0 1.11*1 
2* 0.915 0 .1W 1.097 1.216 1.095 1.211* 
2* 0.913 O.lij-6 1.103 1.208 1.101 1.206 
6 0.901 0.163 1.071 1.170 1.069 1.168 
10 0.883 0.180 130.0 70.7 l.Olj-6 1.121 1.01*5 1.120 O.768 1.01*7 
15 0.81*8 0.212 1.008 1.050 1.008 1.01*9 
20 0.800 0.260 132.0 71 .5 0.963 O.983 0.963 O.983 0.668 O.896 
22 0.770 0.287 0.9^5 0.952 0.91*5 0.952 
2k O.728 0.323 133.0 71 .8 0,926 0.917 0.926 0.917 O.633 0.826 
2k* 0.730 0.323 0.925 0.919 0.925 0.919 
2k* 0.730 0.325 0.92^ 0.920 0.921* 0.920 
*Op. c i t . , page 50. 
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Table 19. The van Laar Constants. 
1-Hexene - Nitroethane System 
Temperature} 
°C. 
%H %N Av BV 
-*3 O.883 0.212 O.983 I.138 
-to 0.868 0.2^3 0 . 9 ^ 1.109 
-36 0.838 0.290 0.901 I.062 
-32 0.78U 0.350 0.866 0,999 
-30 0.7^6 o.ino 0.833 0.976 
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Table 20, The van Laar and Margules Constants. 
n-Octane - Nitroethane System 
Temperature, V'-mr WJJJJ Ay B y Ay[ 
10.0 0.926 0.105 1.310 1.152 1.307 l . l k 8 
10.0* O.928 0.105 1.310 1.161 1.307 1.158 
10 .0* O.926 0.107 1.30^ 1.153 1.301 l . l k 9 
15.0 0.911 0.12k 1.257 1.097 1.253 1.092 
15.0* 0.913 0.123 1*259 1.10k 1.256 1.100 
20,0 0.891 o.ik-6 1.207 1.039 1.202 1.032 
25.0 0.866 0.172 1.160 0.983 1.15^ 0.97k 
30.0 O.833 0.206 1.112 0.928 1.10k 0.915 
35.0 0.783 O.259 1.057 0.870 1.0k6 0.85k 
38.0 0.731 0.311 1.019 0.829 1.006 0,808 
38. c* 0,73k 0.311 1.018 0.832 1,005 0.813 
••? ( 0 (-..v. 0.731 0.31k 1.017 0.830 1.003 0.811 
70 O 0.706 0.3?> 1.007 0.813 0.992 0.790 
!:-o.5 0.655 0.397 0.977 0,796 . . . . . . 
*22* £J£»J P3^6 50.. 
* • 
Table 21. The van Laar Constants. 
2,2,^-Trimethylpentane - Nitroethane 
Temperature, 
°C. 
w M «M AY By 
0 0-927 0.128 1.239 1.165 
5 0.912 0.1^6 1.199 1.109 
10 0.892 0.169 1.157 1.050 
15 0.867 0.198 1.113 0.995 
20 0.831 0.23^ 1.071 0.935 
25 0.776 0.283 1.031 0.871 
28 O.TOfc 0.31*0 l.OOlt 0.812 
Table 22. The van Laar Constants. 
1-Octene - ITitroethane System 
>erature, WHS WM Ay By 
-28 0.915 0.130 1.233 1.121 
-28* 0.913 0.130 1.233 1.113 
-28* 0.915 0.132 1.227 1.121 
-22 0.887 0.159 1.174 1.038 
-20 0.875 0.172 1.151 1.011 
-17 0.853 O.196 1.116 O.969 
-15 0.837 0.211* 1.092 0.944 
-12 0.806 0.2*J-8 1.057 0.905 
-12* 0,8o4 0.248 1.057 0.902 
-12* 0.806 0.246 1.059 0.901* 
-10 0.780 0.275 1.034 O.878 
- 8 0.748 0.312 lc007 0.854 
- 6 O.698 0,371 0.974 0.828 
~ o* 0.698 0.364 0.980 0.825 
*0p. c i t . , page 50. 
5<5 
Table 23. The van Laar Constants. 
n-Decane - Nitroethane System 
Temperature, 
°C. 
%H WHN AV By 
10 0.9^5 0.063 1.569 1.158 
15 0 .93^ 0.076 1.502 1.101 
20 0.920 0.089 l.W? l.OfcL 
25 0.903 0.106 I .387 0.985 
30 0.882 0.126 1.331 0.930 
35 0.857 0.1^8 1.282 0.879 
to 0.826 0.177 1.230 O.83O 
^5 0.775 0.220 1.173 0.771 
50 0.705 0.295 1.105 0.725 
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Table 2k. Activity Coefficients. 
n-Hexane - Nitroethane System 
van Laar Margules Scatchai rd-Hamer 
At 5°C. WHH a 0.916 WHH = 0.113 
xH r H T5 rH T N *H Tffl 
0 .0 15.5 1.00 15.5 1.00 10.9 1.00 
0 . 1 9-36" 1.03 9.26 1.03 9.23 1.01 
0 .2 5.82 1.11 5.82 1.11 6.35 1.08 
o.k 2.69 1.55 2.69 1.55 2.80 l.jk 
0.6 1.55 2.69 1.55 2.69 1.53 2.82 
0 .8 1.12 5.82 1.12 5.82 1.10 6.05 
0.9 1.03 9.31 1.03 9.31 1.02 9.19 
1.0 1.00 15.8 1.00 15.7 1.00 1^.2 
At 10°C. WTTTT = 0.892 WM = O.llj-0 
0.0 13-k 1 13 *k 1 
0 . 1 8 .21 1.03 8 .21 1.03 
0 .2 5.29 1.11 5.29 1.11 
O.k 2.56 1.51 2.56 1.51 
0 .6 1.52 2.55 1.52 2.55 
0.8 l o l l 5.30 1.11 5»30 
0.9 1.03 8.28 I0O3 8.28 
1.0 1 13 .6 1 13.6 
8.87 1 
7.82 1.01 










At 20°C. WHH s 0.819 w = 0.215 
XH H H H N 
0.0 10 . k 1.00 10.14- 1.00 
0 . 1 6.60 1.02 6.60 1.02 
0 .2 k.kz 1.10 kM 1.10 
O.k 2.29 l A 6 2.29 lA6 
0.6 1M 2 .31 iM 2 .31 
0 .8 1.10 M 9 1.09 ^•39 
0.9 1.02 6.h6 1.02 6.k6 











At 28°C. \!m = Of6Qh \fm = 0.369 










0.05 6.55 1.00 
0 . 1 5.39 1.02 
0 .2 3.77 1.09 
O.k 2.10 1 A 0 
0 .6 1.39 2 .11 
0 .8 1.09 3.76 
0 .9 1.02 5 .31 
0.95 1.00 6.k2 





2.10 1 A 0 





Table 2*5. Activity Coefficients. 
2-Methylpentane - Nitroethane System 
van Laar Margules Scatchaj rd-Hamer 
At 2°C, WHH = 0.913 w M = 0.ll*8 
*H H N H N H N 
0.00 12.5 1.00 12 .5 1.00 6.73 1.00 
0.05 10.0 1.01 9.98 1.01 7.51 0.99 
0.10 8.06 1.02 8.05 1.02 7.1*0 1.00 
0.20 5.36 1.10 5*37 1.10 5.82 1.05 
O.il-0 2.67 1.1*9 2.67 1.1*9 2.82 1 .1* 
o.6o 1.57 2.52 1-57 2.53 1.55 2 . 6 l 
0.80 1.12 5.53 1.12 5-51*- 1.11 5 .71 
0.90 1.03 9 .11 1.03 9.10 1.02 8.82 
0o95 1.01 12.0 1.01 12.0 1.01 11.0 
1.00 1.00 16 .1 1.00 1 6 . 1 1.00 13.9 
At 10°C. WEH ' O.883 WM = 0.180 
0.00 11 .1 1.00 11 .1 1.00 5.86 1.00 
0 .05 8.93 1.01 8 .91 1.01 6.1*3 0.99 
0.10 7*23 1.02 7*22 1.02 6 .31 1.00 
0.20 1*.88 1.10 1*.88 1.10 5.0k l.Ol* 
0.1*0 2.50 l . i t f 2.50 1.1*6 2.58 1.1*0 
0.60 1.52 2.1*1 1.52 2.1*1 1.50 2.1*2 
0.80 1.11 k .98 1.11 !*.99 1.10 i*.95 
0.90 I . 0 3 7*86 I0O3 7.86 1.02 7.37 
0.95 1.01 10 .1 1.01 10 ,1 1.01 9*05 
1.00 1.00 13.2 1.00 5 13*2 1.00 1 1 . 1 
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Table 25. ( c o n t . ) 
van Laar Margules Scatcharc 1-Hamer 
At 20°C. WHH = 0.800 w M = 0.260 
*H H N H N H N 
0.00 9.19 1.00 9.18 1.00 1*.66 1.00 
0.05 7A3 1.01 7o^3 1.01 5 .01 0.99 
0.10 6.07 1.02 6.07 1.02 1*.91 1.00 
0.20 l*.l8 1.09 1^.18 1.09 1*.02 1.01* 
0.1*0 2.25 1.1*2 2.25 1.1*2 2.25 1.31* 
o.6q 1.1*1* 2.23 1.10* 2.23 2.11* 1.1*1 
o.8o 1.10 1*.21 1.10 1*.20 1.08 3.95 
0.90 1.02 6.21 1.02 6 .21 1.02 5.51* 
0.95 1.01 7o68 1.01 7.68 1.01 6.60 
1.00 1.00 9.62 1.00 9 .6l 1.00 7.87 
At 2l*°C. WHH = 0.728 WM = 0.323 
0.00 8.1*1* 1.00 8.1*1* 1.00 1*.29 1.00 
0.05 6.81* 1.01 6.81* 1.01 ^ 5 5 0.99 
0.10 5*6l 1.02 5.61 1.02 1*.1*2 1.00 
0.20 3.89 1.09 3.89 1.09 3.61* l.Ol* 
0.1*0 2.11* 1.1*1 2.ll* 1.1*1 2 .11 1.32 
0.60 1.1*0 2.15 1.1*0 2.15 1.37 2.03 
0.80 1.09 3.88 1.09 3.88 1.07 3.56 
0.90 1.02 5.55 1.02 5.55 1.01* 1*.15 
0.95 1.01 6.7I* 1.01 6.71* 1.02 1*.86 
1.00 1.00 8.26 1.00 8.26 1.00 6.70 
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